Five major flavonoids in 48 batches of Radix Hedysari from different origins have been simultaneously evaluated by HPLC. Among the five major flavonoids, four, ononin, formononetin-7-O-β-D-glucopyranoside-6''-O-malonate, formononetin and medicarpin, were detected in almost all the samples and thus can be used as marker compounds to evaluate the chemical quality of Radix Hedysari, while naringin was not suitable because it was not be detected in most samples. Further analysis of the contents of the four flavonoids in different samples showed that processing procedure, harvesting time and habitats were important factors affecting the flavonoid contents of Radix Hedysari.
Radix Hedysari (Hongqi in Chinese), the dry roots of Hedysarum polybotrys Hand.-Mazz., is esteemed as the uppermost class of Radix Astragali (Huangqi in Chinese), which is one of the most important tonics in traditional Chinese medicine (TCM), and widely used as a restorative food and a famous TCM to reinforce "Qi" (vital energy) [1, 2] . The drug contains constituents such as flavonoids, benzofuranoids, coumestans, organic acids, polysaccharides and phenols. Flavonoids, which may offer several benefits to human health, including immune system stimulation, antioxidative, antiallergic, anticarcinogenic, antiviral and metal chelation activities, are usually considered as bioactive "marker compounds" for the quality control of Hongqi. Based on chemical investigations of Radix Hedysari, we first set up a simple, reliable and reproducible HPLC-UV method to determine the contents of five major flavonoids, naringin (1) , ononin (FG, 2), formononetin-7-O-β-D-glucopyranoside-6''-O-malonate (FGM, 3), formononetin (F, 4), and medicarpin (5), among which FGM was an unstable compound. This method was subsequently applied to the evaluation of the 5 flavonoids in 10 commercial medicinal materials, mainly from Wudu in Gansu province [3] . However, naringin was detected in only 2 of the 10 commercial samples. In order to further investigate the occurrence of naringin in Radix Hedysari and the contents of the other flavonoids, 48 batches of Radix Hedysari, including 32 commercial materials and 16 samples collected in the field directly, were determined (Table 1 ). In this paper, the contents of the 5 main flavonoids in these batches of Radix Hedysari are presented, and the main factors that affect the flavonoid contents are discussed.
Quantification of the five flavonoids in Radix
Hedysari from different origins. The 5 major flavonoids in 48 batches of Radix Hedysari from different origins have been valuated simultaneously (Table 1) . FG, FGM, F and medicarpin could be detected in almost all the samples and their contents varied between 0-113.8, 0-2429.4, 21.5-661.2 and 0-2340.6 μg/g, respectively. However, naringin could be detected in only two samples (No. 26 and 28). What is interesting is that although naringin could be detected in only 2 of the 48 samples, the contents in these were very high. The reasons why naringin was present in high contents in these samples need to be further investigated. Accordingly, we concluded that FG, FGM, F and medicarpin could be used as marker compounds to evaluate the chemical quality of Radix Hedysari, while naringin was not suitable. The main factors that NPC Natural Product Communications 2010 Vol. 5 No. 4 541 -544 The effects of processing procedure on the contents of flavonoids. The collected 48 batches of Radix Hedysari could be classified, in general, into two categories, one commercial products that were purchased in the market, and secondly, raw materials that were gathered by ourselves directly from the field. Comparison of the contents of the four major flavonoids between the two categories showed that the purchased samples were distinctly differentiated from those gathered in the field (Table 2, Figure 1 ). The contents of all the four major flavonoids in the samples gathered in the field were obviously higher than those in the commercial samples. Considering that the commercial samples might have been subjected to processing procedures, such as being stacked before being completely dried and then kneaded to make the drug straighter, the processing procedures might be important The effects of harvesting time on the contents of flavonoids. Radix Hedysari is required in the Chinese Pharmacopoeia to be harvested in spring or autumn, and, in fact, most samples were collected in autumn. In order to investigate the effects of harvesting time, we analyzed the contents of the 4 flavonoids in five pairs of samples that were collected in spring and autumn, respectively from five different habitats (Table 3) . Compared with the spring samples, the autumn samples showed higher contents of FGM (except for that from District 5) and medicarpin, and relatively lower contents of F. As for the content of FG, no definite conclusion could be deduced, because the samples collected in spring contained higher FG in some samples (Districts 1, 3, 5) and lower in others (Districts 2, 4) than those collected in autumn. Moreover, FG was not detected in the spring sample (No. 39) collected at Jinpu Village, Tanchang (District 2) ( Figure 2) . The above results suggested that harvesting time and habitats were also important factors that could affect the chemical contents of Radix Hedysari, and, therefore, fixed and uniform harvesting times and habitats are recommended to ensure the quality of Radix Hedysari.
Among the five major flavonoids in Radix Hedysari, four, FG, FGM, F and medicarpin, can be used as marker compounds to evaluate the chemical quality of the drug, while naringin is not suitable. Moreover, the processing procedure, harvesting time and habitats were important factors that could affect the chemical contents of Radix Hedysari. More attention should be paid, therefore, to the standardization of the manufacturing process, harvesting time and habitats in order to ensure the stable chemical quality and efficacy of raw materials of Radix Hedysari.
Experimental
Plant materials: All the samples of Radix Hedysari, except for No. 31 and 32, were either bought or collected in the field from Gansu province, which is the major cultivation area, in 2003-2006 ( Liu Y et al.
The five reference compounds, naringin (1), FG (2), FGM (3), F (4) and medicarpin (5), were purified from Radix Hedysari by chromatographic procedures and their structures were characterized by spectral methods. The purity of the five reference compounds was greater than 97% by the peak area normalization method using HPLC-UV with a detection wavelength at 230 nm.
Apparatus: A Jasco HPLC system (Tokyo, Japan), equipped with a quaternary pump, a diode array spectrophotometric detector (DAD), and a column oven, was used for analysis of the flavonoids. The column configuration consisted of a Phenomenex analytical column (Torrance, CA) with 5 μm C18-reversed phase material (250× 4.6 mm i.d.) and a Phenomenex guard column with C18-reversed phase material (10 × 4.0 mm i.d.). An ultrasonic cleaner KQ-500DB (KunShan, PR China) was used for extraction. The pH meter, PHS-2C (ShangHai, PR China), and pH combination electrode SHKY E-201-C (ShangHai, PR China) were used to determine the pH accurately. The NMR spectra were recorded on a Bruker Avance DRX-500 NMR spectrometer equipped with 5 mm probes. ESI-TOF MS were obtained on a Qstar mass spectrometer coupled to an Agilent 1100 HPLC system.
Preparation of samples [3]: The roots of Radix
Hedysari were powdered to a homogeneous size in a mill, sieved through a no. 40 mesh, and dried at 40ºC in the oven for 5 h. A powdered sample (1.0 g) was extracted with 20 mL of methanol-water-formic acid (8:2:0.02, v/v/v) solution, pH 3, in an ultrasonic water bath for 30 min. This extraction was repeated 2 times. The mixed extracts were filtered, and the residue washed with 20 mL of fresh extraction solvent. The combined filtrates were evaporated to dryness in vacuo at 40ºC. The dry extract was made up to 10 mL with fresh extraction solvent using a volumetric flask and filtered through a 0.45 μm membrane filter before injecting a 20 μL sample. Each sample was prepared with the above protocol for HPLC analysis.
For evaluating the true content of FGM, 80% aqueous methanol (without acid) was chosen as the extraction solvent, and the extraction liquid was refluxed for about 4 h to allow FGM to convert into FG completely. The process was kept the same as the sample preparation above.
Evaluation of the five flavonoids in 48 samples of Radix Hedysari:
Using the developed HPLC-UV assay method [3] , the contents of the 5 major flavonoids in the 48 medicinal materials were determined (Table 1) .
